Of the various postgastric operation syndromes early dumping, late dumping, bilious vomiting, and diarrhoea were all less frequent, but not significantly so, after vagotomy and pyloroplasty than after vagotomy and gastroenterostomy.
Introduction From 1959 to 1962 many surgeons in Leeds and York participated in a controlled prospective trial of several different forms of operation in the elective treatment of duodenal ulcer, the immediate and long-term results of which have been published (Goligher et al., 1964 (Goligher et al., , 1966 (Goligher et al., , 1968a . When this trial closed for the admission of new cases in the latter part of 1962 the elective operation for duodenal ulcer favoured by surgeons in the University Department of Surgery at the Leeds General Infirmary and by those at the York Hospitals was a truncal vagotomy and pyloroplasty. In practice this meant that about 90% of patients with this condition requiring elective surgery had this operation, the remaining 10% being treated usually by vagotomy and gastroenterostomy because of anticipated technical difficulties from oedema or scaring of the first part of the duodenum if pyloroplasty were attempted. In 1968 a preliminary account was given of the outcome of truncal vagotomy and pyloroplasty two years after operation (Goligher et al., 1968b) . Since then the follow-up has been continued so that we are now in a position to report the five-to eight-year results based on an analysis of the 192 male patients treated electively by this operation during January 1963 to December 1965 inclusive, and to compare them with those obtained after other operations as recorded in our previous studies (Goligher et al., 1968a) .
Methods
The 192 operations were performed mainly by seven consultant surgeons, but a few were conducted by four lecturers of senior registrar status. The vagotomy was invariably effected by a subdiaphragmatic division of the vagal trunks on the lower oesophagus. With the exception of an occasional case in which the Finneytechnique was used, the pyloroplastywas of HeineckeMikulicz type, with an 8-10 cm stoma, the suturing in roughly half the cases being in two layers, in the other half in one layer as described by Weinberg et al. (1956) . In all instances the operation was carried out as an elective procedure, patients undergoing emergency operation for haemorrhage or perforation being excluded. Also excluded were any patients who received at the time of their elective vagotomy and pyloroplasty surgical treatment for other conditions, such as gall stones or hiatal hernia. All patients had suffered from chronic duodenal ulceration as indicated by a history of ulcer-type dyspepsia of many years' duration, in a number of instances marked by episodes of haemorrhage or perforation, and usually supported by clear radiological evidence. In some cases a preoperative and postoperative gastric analysis was carried out to determine the secretion of acid under basal conditions and in response to stimulation by pentagastrin or insulin, but unfortunately such data were available for only a fraction of the patients.
Postoperative care followed conventional lines. Intravenous fluids were administered for the first 48 to 72 hours as a rule. Some patients had intermittent gastric suction via an indwelling nasogastric tube or a temporary gastrostomy, but most had no form of intubation or suction.
On discharge from hospital patients attended a special gastric follow-up clinic six months after operation and then yearly (or oftener if required). At this clinic, which was held in both Leeds and York, many other patients treated by several different gastric operations were being seen as well as those who had had truncal vagotomy and pyloroplasty and form the basis of this study. The interviewing panel of three or four persons was kept in ignorance of the precise operative method that had been used in each case till after it had recorded its collective verdict on the patient's condition at that attendance. In this way an objective and unbiased judgement was obtained.
Findings
Operative Mortality.-One death* occurred in the immediate postoperative period due to acute cardiac failure complicating bronchopneumonia (Table I) . Though this fatality could not be attributed to any technical failure of the operation, none the less it must be related to the operation and represents an operative mortality of 0-52%. Subsequent Deaths.-Ten patients died within five years of discharge from hospital, so far as we can ascertain, from causes unrelated to their operation or to the ulcer for which it was performed (Table I) . Of these deaths one was due to a road accident, five to coronary occlusion, two to carcinoma of the bronchus, one to carcinoma of the urinary bladder, and one to bronchopneumonia.
Untraced Cases.-Seventeen patients have been lost to follow-up despite every effort to trace them with the aid of the family doctors and executive councils (Table I ). In many of these cases we have limited follow-up data for a few years, but' they have not been included in this assessment of late results because they did not extend to at least five years from the time of operation.
Traced Cases.-The remaining 164 patients have been followed up for not less than five years, many of them for seven *In our earlier report on the results of truncal vagotomy and pyloroplasty (Goligher et al., 1968b) two operative deaths were mentioned, but in one of these fatal cases a colonic carcinoma had been resected at the time of the operation for duodenal ulcer, which disqualified this patient for inclusion in the present study. (Goligher et al., 1968a) (Table I) . Such a comparison, not being based on a random allocation of Unchanged (or more costive) where bowel function has either not altered at all since operation or has tended towards constipation.
Improved, which means that the motions have become a trifle looser than before operation, and possibly a little more frequentfor example, the patient may find that, instead of having one very hard difficult motion every two or three days as before operation, he now enjoys a perfectly easy formed or slightly soft motion with regularity once or twice a day. By no stretch of imagination could this state of affairs be described as diarrhoea or in any way unpleasant. On the contrary it is normally regarded by the patient as one of the most agreeable effects of the operation! Diarrhoea of varying degrees of severity, ranging from three or four soft or liquid motions daily to eight to ten or more stools of liquid consistency in the 24 hours. Two features particularly characterized the diarrhoea in these cases. One was the great urgency of the call to stool often experienced by the patient, so that if he did not get to the lavatory very quickly he might not be able to control the motion. The second feature was that the diarrhoea was usually not continuous but episodic, the symptoms occurring in short attacks lasting perhaps a few hours or a day or so, interspersed with periods of normal bowel habits varying from a few days to several weeks or even two to three months.
In grading patients according to the severity of their diarrhoea we have taken into account not only the frequency and urgency of stools and the length of the episode and the intervals of freedom, but also-and more important-the amount of physical discomfort or inconvenience suffered by the patient, and whether he was incapacitated from following his work during attacks.
After all four operations between two-fifths and three-fifths of the patients reported that bowel habit was quite unchanged, and about one-third claimed a slight improvement in the ease and regularity of their motions (Table III) . As regards actual diarrhoea the overaIl incidence varied considerably according to the operation performed, being of the order of 22-26% after all three operations involving truncal vagotomy, but only some 9 6% after subtotal gastrectomy without vagotomy, a difference that is statistically significant (P <0-01). On the other hand, none of the differences in incidence of diarrhoea between the various vagotomy operations was of statistical significance. It must, however, be emphasized that these figures were inflated by the inclusion of many patients with an extremely mild, usually episodic form of looseness (Table IV) , which certainly constituted no inconvenience to them. If only the more severe diarrhoea is considered, the incidence is very much lower-5-1, 2-7, and 4-3% after vagotomy and gastroenterostomy, vagotomy and antrectomy, and vagotomy and pyloroplasty respectively, but only 0 9% after gastrectomy without vagotomy (the last being due to a single, perhaps exceptional, case).
These differences are not statistically significant. Obviously in respect of bowel function Polya subtotal gastrectomy enjoys an advantage over the three vagotomy operations, the results of which are to some extent marred by the occurrence of postoperative diarrhoea. The use of pyloroplasty instead of gastroenterostomy as the drainage procedure with truncal vagotomy does not materially lessen the incidence of diarrhoea.
Recurrent Ulceration
Several difficulties surround the recognition of recurrent ulceration, so that the sureness of diagnosis of this complication may range from absolute certainty through strong suspicion to considerable dubiety. It may therefore be convenient to discuss the criteria used by us in recognizing further ulceration and the degree of confidence in diagnosis achieved in each case.
The occurrence of epigastric pain similar to that experienced before operation was always suggestive of recurrent ulceration. The more typical the pain the greater was the likelihood of it being due to further ulceration. If the operation had included a vagotomy, the finding that the vagal nerve section was incomplete, as shown by a positive-and particularly an early positive-response to the Hollander insulin test further strengthened the probability of the pain being caused by recurrent ulcer. Occasionally the diagnosis was confirmed beyond all doubt by the clear demonstration of an ulcer crater on barium meal examination or gastroscopy, but usually x-ray and gastroscopic studies were unhelpful, especially after vagotomy and pyloroplasty, for the considerable deformity produced by this operation in the distal stomach and proximal duodenum made interpretation of the radiological appearances in this region extremely difficult. The occurrence of a major haematemesis or melaena in a patient who has had an operation for peptic ulcer is traditionally regarded as indicative of recurrent ulceration, even in the absence of abdominal pain. We have accepted this convention, provided there had been no history of recent ingestion of medicaments containing aspirin.
In most cases absolute proof of the existence of a recurrent ulcer depended on finding the lesion at re-laparotomy, but there were problems in demonstrating such ulcers. Certainly in some patients withverystrong clinical evidence of recurrent ulceration, and in whom no definite recurrence could be found at reopera-tion, it was difficult to decide whether they had ever had a recurrent ulcer or whether there might have been a recurrence which had temporarily healed, so that it was not apparent at the second laparotomy. After vagotomy and pyloroplasty the presence of fibrosis and adhesions in the pyloric region added to the difficulty of diagnosis of further ulceration in the duodenal bulb. This uncertainty as to the significance of negative or dubious findings in regard to recurrent ulcer at re-exploration often led the surgeon to perform a further antiulcer manceuvre such as partial gastrectomy or a re-vagotomy, depending on the strength of his clinical suspicions (see Table XI ).
The number of patients in whom the existence of recurrent ulceration had been firmly established at re-laparotomy or was still suspected more or less strongly five to eight years after the various operations is given in Table V. In our hands vagotomy and pyloroplasty seemed much more liable to be followed by recurrence than any other operation. Thus, if only cases of proved recurrent ulcer are considered, the incidence was 0-9% after subtotal gastrectomy, nil after vagotomy and antrectomy, 2-5% after vagotomy and gastroenterostomy, but 6-7% after vagotomy and pyloroplasty. This difference in the frequency of recurrence after vagotomy and pyloroplasty as compared with the other three operations reaches statistical significance only in relation to the two resection procedures subtotal gastrectomy (P <0 02) and vagotomy and antrectomy (P <001). (Goligher et al., 1964 (Goligher et al., , 1966 , used a slight modification of the well-known Visick (1948) classification, which recognizes essentially four categories of result (Table VI) . From the practical point of view both categories I and II can be regarded as highly satis- the 20 patients who had reoperation the second intervention was successful in raising the patient's symptomatic grading to a higher category (to category III in seven, to category II in three, and to category I in four), though, according to the convention enunciated in Table VI , these cases having further operations remain permanently in category IV in our records. The effect of incorporating such upgradings in the assessment of the overall results after vagotomy and pyloroplasty and the operation in the Leeds/York trial is shown in Table XII .
Discussion
The first essential in any discussion of this study is to reemphasize that the allocation of patients to vagotomy and pyloroplasty on the one hand, and to the other group of operations on the other, was not in any way randomized. We must admit, therefore, that though we strongly believe the respective series of cases are very similar this contention could be challenged. Some readers may thus take the view that the comparative analysis has been worth while, others that it is valueless. The advantages claimed by many authors for vagotomy and pyloroplasty over vagotomy and gastroenterostomy is that it is in theory a more physiological procedure and is in fact followed by less trouble with bile vomiting and possibly other sequelae than is the latter operation, though it is admitted that there may be a slightly higher incidence of recurrent ulceration (Weinberg et al., 1956; Burge, 1964; Holt and Lythgoe, 1965; Schofield et al., 1967) . Our findings have indeed shown a somewhat lower incidence of bilious vomiting after vagotomy and pyloroplasty (10-1%) than after vagotomy and gastroenterostomy (14-5%), and also a lower incidence of early dumping (11-9% as against 17-9%) and of heartburn (12-6% versus 19.9%). Diarrhoea, too, was noted to be rather less frequent after vagotomy and pyloroplasty (21'7%) than after vagotomy and gastroenterostomy (26.3%). But none of these differences has achieved statistical significance.
RECURRENT ULCERATION
Against these marginal advantages of vagotomy and pyloroplasty must be set the greater frequency of recurrent ulceration following its use than that of vagotomy and gastroenterostomy-and, even more so, of vagotomy and antrectomy and subtotal gastrectomy. Thus the recurrence rate after vagotomy and pyloroplasty ranged from 6'7% for ulcers proved at laparotomy to 14-0% if suspected and more dubious recurrences were also included. The corresponding figures for vagotomy and gastroenterostomy were 2-5 and 8-4%, for vagotomy and antrectomy 0 and 5-2%, and for subtotal gastrectomy 0'9 and 4-6%. The differences between the incidence of proved ulcers and of proved and suspected ulcers after vagotomy and pyloroplasty and after vagotomy and gastroenterostomy are not statistically significant, but the differences in these respects between vagotomy and pyloroplasty and either vagotomy and antrectomy or subtotal gastrectomy are significant.
The high incidence of recurrent ulceration after vagotomy and pyloroplasty is reflected too in the relatively large number of reoperations undertaken after this operation. No fewer than 20 (12.2%) of the 164 patients who had vagotomy and pyloroplasty came to reoperation, 19 for clinically suspected recurrences, and of this group 17 (10A4%) underwent further antiulcer operations such as gastrectomy or re-vagotomy (Table  XI) . By comparison reoperations after the other primary operations were much less frequent-only 5 in 119 patients treated by vagotomy and gastroenterostomy, three for recurrent ulcer (Table VIII) ; 5 in 116 patients treated by vagotomy and antrectomy, none for recurrence (Table IX) ; and 4 in 107 patients treated by subtotal gastrectomy, one for recurrent ulcer (Table XI) .
Fortunately the numerous reoperations after vagotomy and pyloroplasty have often been successful in improving the patients' overall symptomatic state, for no fewer than 14 of the 19 patients so treated were able to score a higher Visick grading after their reoperation (compare Tables VII and XII) . It could thus be claimed that, though vagotomy and pyloroplasty is a comparatively less effective operation than the others mentioned in curing duodenal ulcer, its deficiencies in this respect may be largely made good by a more radical reoperation as required. It might be argued further that this policy of using the relatively simple and safe operation of vagotomy and pyloroplasty in the first instance and of reserving more major resection procedures for the one case in ten or so that develops recurrence is in the patient's best interest.
Vagotomy and pyloroplasty was shown to be very safe in our experience, with only one operative death in 192 cases, but it wasnotfound to be anysafer than the other operationsexamined, after none of which, including vagotomy and antrectomy and subtotal gastrectomy, was there any operative mortality at all.
Admittedly some degree of selection was practised in choosing cases for all four operations, whereby we excluded a small proportion of the patients in whom the duodenum was particularly scarred and deformed owing to very adherent ulcers (Goligher et al., 1968a) . Without these exclusions the operative mortality, especially of the resection procedures, might conceivably have been higher. But with a moderate amount of discrimination in their application-and a good standard of surgical expertise-it seems to us that gastrectomy or vagotomy and antrectomy (which both involve the same technical problems of resection) can be carried out with remarkable safety in the elective treatment of duodenal ulcer at the present day. It should also be pointed out that reoperations are often technically difficult and probably carry more risks than does the corresponding primary procedure, as is exemplified by the immediate death of one of our patients after a reoperation secondary to a vagotomy and pyloroplasty (Table XII) .
ASSESSMENT OF DIFFERENT OPERATIONS
We recognize that assessment of the respective worth of different operations for peptic ulcer is a complex matter involving a careful balancing of pros and cons. But, however regarded, our findings seem to us to provide no grounds for complacency concerning the results oftruncal vagotomy and pyloroplasty in the elective treatment of duodenal ulceration. A question that naturally arises is whether anything can be done to improve the accomplishments of this operation. A good deal of the evidence suggests that recurrent ulcer after vagotomy procedures in general is largely confined to patients whose vagotomy has been shown to be incomplete by a positive response to the Hollander insulin test (Johnston et al., 1967; Fawcett et al., 1969) . Unfortunately, even when the operation has been performed by experienced gastric surgeons, incomplete vagotomy rates of between 20 and 50% are common on such testing, depending to a considerable extent on how diligently the test is repeated after the patient has left hospital (Mason and Giles, 1968, 1969; Fawcett etal., 1969; Gillespie etal., 1970; Jordan and Condon, 1970; Kronborg etal., 1970) . How this disappointingly high incidence of incomplete denervation can be reduced is not clear. Burge (1964) (Clark and Murrary, 1963; Holt and Lythgoe, 1965; Watkin and Hudson, 1971) , and the plain fact is that it has not been widely adopted. Lee (1969) introduced a method of applying a solution of leucomethylene blue to the outer aspect of the lower oesophagus at operation and alleged that the dye selectively stained nerve tissues, thus facilitating recognition of vagal strands during vagotomy. But others have not been impressed by its reliability or usefulness (Cox and Cooke, 1970; Frimer et al., 1970 (Goligher et al., 1968a; Pulvertaft and Cox, 1969) , too, that if gastric resection were to be resuscitated in the treatment of duodenalulcerahigherincidence of metabolic and haematological side effects would have to be accepted, but our experience is that these are seldom of serious consequence and can usually be compensated for by suitable replacement therapy.
Another possibility is to continue using vagotomy in conjunction with a drainage manceuvre such as gastroenterostomy or pyloroplasty, but to change from a truncal to a selective vagal nerve section. The underlying principle of selective vagotomy is to divide the vagi below the points of origin of the hepatic and coeliac branches, in order to conserve the vagal supply to the biliary tract and small intestine in the hope of reducing the incidence of post-vagotomy diarrhoea. There has been much controversy about whether the selective technique is successful in this respect, but it seems from the carefully controlled trial of Kennedy and Connell (1969, 1970) of selective versus truncal vagotomy that there is significantly less diarrhoea after the former method. An important bonus of selective vagotomy that emerges from Kennedy and Connell's (1969) study is that there is also a significant reduction in the incidence of incomplete gastric vagotomy, as determined by insulin testing, after the selective operation. We must admit, however, that our own uncontrolled experience in Leeds with selective vagotomy and adrainage operation has been much less impressive in both these respects.
If alterations in the technique of vagotomy are to be contemplated, there is much to be said for the new operation of highly selective vagotomy, in which the vagal innervation of the upper two-thirds or so of the stomach is interrupted, but that to the antral region via the nerves of Latarjet is conserved, as is also the extragastric distribution of the vagi (Johnston and Wilkinson, 1970) . This technique has also been variously termed selective proximal vagotomy (Holle, 1967) , parietal cell vagotomny (Amdrup and Jensen, 1970) , and proximal gastric vagotomy (J. de Miguel, personal communication, 1971 ). Its effect is to reduce acid production as much as does truncal vagotomy, but to leave the emptying mechanism of the stomach unimpaired, which has the great advantage, as Johnston and Wilkinson (1970) and Amdrup and Jensen (1970) first pointed out, that no accompanying gastric drainage operation is required. During the past two and a half years more than 120 cases of duodenal ulcer have been treated by highly selective vagotomy in Leeds without drainage. Our results to date havc been most encouraging, with no operative mortality, no gastric retention, no proved recurrent ulceration, no significant diarrhoea, and high Visick gradings, but obviously longer follow-up studies will be required before a decision can be reached concerning the proper value of this operation in the management of duodenal ulcer.
